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Introduction

During RAN#27 the work item on “CS and PS call setup delay improvement” has been agreed. One of the targets is to reduce the time and the complexity for the voice / data call setup, and the reconfiguration of calls in CELL_DCH state. This contribution tries to analyze the problems and possible solutions with the radio bearer setup and the reconfiguration procedure in general.

Analysis

As shown in [1], and according to our experience in today’s networks the delay introduced due to the radio bearer setup is a significant part of the delay for the setup or reconfiguration of calls. Figure 1 shows the typical sequence of the radio bearer setup. The scenario is nearly identical for the case of the reconfiguration of a PS RAB, apart for the transport resource allocation.
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Figure 1: Synchronized reconfiguration

In step 1 the procedure is initiated by the reception of a “RAB assignment Request”. The steps 2 to 9 are related to the need to setup a new radio bearer, the allocation of the transport resources and the resources inside the NodeB. In step 10 the RNC decides on an activation time that is sent in the step 11 and 12 to the NodeB and the UE. The NodeB and the UE are then waiting for the activation time to be reached to switch to the new configuration in step 13a and 13b.

In step 14 the UE confirms the successful reconfiguration to the RNC. The RNC indicates the successful completion of the reconfiguration.

The yellow part, where basically the UE and the NodeB are just waiting for the expiry of the activation time corresponds to delay introduced which is wasted in the case that the procedure is successful.

This delay is necessary in the case that the message on the UE needs to be retransmitted by RLC. Also in the case the UE wants to send a failure message on the old RL some minimum delay is needed in order to allow this message to go through, and evtl. to cancel the reconfiguration in the NodeB by a separate message from the RNC. Therefore a means for decreasing this delay in the case everything works well (no RLC retransmission, no failure message) is necessary.

Hard Handover

In order to decrease the time wasted due to the activation time one optimisation already possible would be to use a non-synchronized reconfiguration, e.g. the hard handover on the same frequency. This scenario is shown below:
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Figure 2: Hard Handover

In step 1 to 10 the RNC establish on the NodeB a new independent configuration, with new transport resources for all transport channels. The NodeB tries to obtain synchronization to the UE by transmitting on the downlink with a fixed power that has been received form the RNC. 

In step 11 the UE receives the message to change the configuration used for the uplink and the downlink. In step 12 the UE tries to receive the downlink that is newly established and evtl. starts to transmit in the uplink (depending whether the synchronization procedure A is used or not).

The NodeB will detect that the synchronization of the old RL is lost, and that the synchronization with the new RL is gained, and report this to the RNC with the messages RL Link Failure for the old RL and RL Restore for the new Radio Links (step 13, 14). The RNC can then delete the old Radio Links (step 15, 16).

The UE will indicate the successful Radio Bearer Setup Complete message (step 17), and the RNC can acknowledge the successful RAB setup to the CN (step 18).

The problem with this scenario is that this implies that during the reconfiguration the resources for the old and the new configuration are used. This wastes capacity on the air interface (two sets of DL spreading codes are reserved, and transmitted), in the NodeB where the NodeB needs to decode two different UE configurations, in the transport and the RNC. Also it is not possible to use a spreading factor from the same branch before and after the reconfiguration. However it allows to reduce the time to setup the call and therefore is a tradeoff between the decrease of the call setup delay and the increased usage of resources.

This reduces the time t8 and t9, and as such the difference between T0 and T1. According to our experience of the setting of the activation time in today networks this is in the range of 500msec to 1.5 sec. The transmission of the message itself takes in most cases much less than that as analyzed in [2]. There the transmission is evaluated to 50-100 msec without retransmissions for a 13.6kbps radio bearer. 

Synchronisation of the NodeB

One of the problems when applying the scenario above is that the NodeB can not detect when the UE switches to the new configuration. In order to provide a means to the NodeB to detect that the UE uses the new configuration, and therefore can not easily report the use of the new configuration to the RNC. One easy and already standardized method to decrease this delay is that the RNC indicates in the new configuration to the UE a new scrambling code. This implies that the NodeB can detect whether the UE uses the new configuration or the old configuration.

This principle could be easily applied to the reconfiguration procedure as described in Figure 1, where the NodeB instead of receiving an activation time in the step 11 would receive the indication to apply the new configuration upon detecting the transmission from the UE with the new uplink scrambling code from the RNC. This could then be used as a trigger for the NodeB to apply the new configuration.

In this case the RNC should indicate to the UE not to use the synchronization procedure A, e.g. by including the IE “Frequency Info” because else the UE would first wait for the synchronization in the downlink before starting the transmission in the uplink.

The problem with this enhancement is that this implies an outage in the downlink transmission from the moment where the UE applies the new configuration to the moment where the NodeB detects the new scrambling code and applies the new configuration in the downlink which could potentially lead to a radio link failure. However this is only a problem if the slot format in the downlink need to be changed, i.e. there is no problem at voice call setup with SRBs with 13.6 kbps.

Radio link failure avoidance

In the case of the synchronization passed upon the detection of the uplink scrambling code as explained above it is today not obvious how the old radio link and the new radio link can use a spreading code of the same branch without creating too much interference.

However normally during the call setup after transmitting the Radio Bearer Setup message to the UE no other data is sent to the UE. This means that after transmitting the Radio Bearer Setup message the RNC normally uses DTX for the transmission on the DPDCH. In the most used downlink slot formats (except SF 512, and slot formats 5a, 6, 6a/b, 7, 7a/b) the size of the DPDCH part is a least half of the slot period, which means that using a suitable timing offset for the reconfigured DPCH it is possible to transmit two DPCCHs for the same user, one for the old configuration and another one for the new configuration as shown in Figure 3.
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Figure 3: Simultaneous transmission with the old and new configuration

In order to allow that a hard handover / reconfigurations can be done using spreading codes of the same branch before and after the reconfiguration it should be investigated whether the NodeB is able to transmit a DPCCH with a different spreading factor during the DTX periods of the DPDCH of another DPCH using a spreading factor of the same branch.

Of course in the case the same spreading factor before and after the reconfiguration is used (e.g. in the case of a speech call when SRBs with 13.6 kbps) it is possible to use the same spreading code before and after the reconfiguration.

Enhanced procedure

In summary the following flow is proposed for the reconfiguration / radio bearer setup:
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Figure 4: Enhanced quasi-synchronized reconfiguration with simultaneous transmission of two DPCCHs

In step 1 to 9 the RNC allocates the resources for the reconfigured radio link / the new radio bearer to be setup, including the change in the uplink scrambling code, and evtl. a new Timing offset (DPCH frame offset). In step 10 the RNC indicates to the NodeB that the new configuration should be taken into account when the uplink scrambling code of the new configuration is used by the UE. In the case the slot format of the new configuration is different, and if the Toffset chosen by the RNC allows it the NodeB would then start to transmit the DPCCH of the new configuration during the DTX periods of the DPDCH of the old configuration such that the UE can obtain synchronization as soon as it changes the configuration. The RNC transmits the new configuration to the UE in step 11. In step 132 the UE would then immediately apply the new configuration. Upon detection of the new uplink scrambling code the NodeB would then stop to transmit the old configuration, apply entirely the new configuration and consider that the reconfiguration is successful. The NodeB and the UE would indicate to the RNC in step 16 and 17 the successful reconfiguration.

Conclusion

In this document a generic proposal to decrease the delay introduced by the timing re-synchronized reconfiguration is discussed. The reduction in time depends on the configuration of the network and is between  0,5 and 1,5 seconds. This proposal is compliant with the current RRC protocol and only implies changes to the UTRAN. It is proposed to discuss this scheme and if agreed trigger the discussion in other groups to assess the impact of this proposal.
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